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Abstract Perceptions developed by consumers regarding
the quality of water reaching their household can affect the
ultimate use of the water. This study identified key factors
influencing consumers’ perception of water quality in a
highly urbanized coastal city, experiencing chronic water
shortages, overexploitation of groundwater, and accelerated
saltwater intrusion. Household surveys were administered
to residents to capture views and perceptions of consumed
water. Concomitantly, groundwater and tap water samples
were collected and analyzed at each residence for compar-
ison with perceptions. People’s rating of groundwater
quality was found to correlate to the measured water quality
both in the dry and wet seasons. In contrast, perceptions
regarding the water quality of the public water supply net-
work did not show any correlation with the measured tap
water quality indicators. Logistic regression models devel-
oped to predict perception based on salient variables indi-
cated that age, apartment ownership, and levels of total
dissolved solids play a significant role in shaping percep-
tions regarding groundwater quality. Perceptions concern-
ing the water quality of the public water supply network
appeared to be independent of the measured total dissolved
solids levels at the tap but correlated to those measured in
the wells. The study highlights misconceptions that can
arise as a result of uncontrolled cross-connections of
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groundwater to the public supply network water and the
development of misaligned perceptions based on prior
consumption patterns, water shortages, and a rapidly sali-
nizing groundwater aquifer.
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Introduction

The availability and quality of water are of critical impor-
tance in arid and semi-arid regions, particularly in coastal
urban areas, where major population centers are often
encountered with continuous expansion despite limited
access to sustainable freshwater resources. Unsustainable
growth is invariably associated with chronic water shortages,
particularly during the dry season, requiring additional water
resources that often entail significant investments in new
water supply projects. Major additional investments are
needed to meet the United Nations Millennium Declaration
towards access to improved water sources (Hutton and Haller
2004). Yet in many parts of the world, the rate at which new
water sources are made available falls short of meeting the
demand. As a result, consumers often rely on non-sustain-
able, unregulated, and/or untreated sources of water to meet
their needs. In many regions, groundwater aquifers are
pumped as a result of the popularization of the automatic
submersible electric pump, cheap well-drilling techniques,
and advancements in hydrogeology (Postel 2000; Llamas and
Martinez-Santos 2005). Groundwater is estimated to provide
more than 50% of the global drinking supplies, with 2.5
billion people depending solely on groundwater resources to

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00267-016-0803-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00267-016-0803-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00267-016-0803-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00267-016-0803-2&domain=pdf
http://orcid.org/0000-0002-8974-1985
http://orcid.org/0000-0002-8974-1985
http://orcid.org/0000-0002-8974-1985
http://orcid.org/0000-0002-8974-1985
http://orcid.org/0000-0002-8974-1985
mailto:ia04@aub.edu.lb
http://dx.doi.org/10.1007/s00267-016-0803-2

572

Environmental Management (2017) 59:571-583

satisfy their daily water needs (Zektser et al. 2005; UNESCO
2012). As such, in many coastal areas, pumping rates exceed
the aquifers’ safe yields promoting saltwater intrusion
(Edwards et al. 2009; Gleeson et al. 2012; Doll et al. 2014)
that poses significant threats of groundwater degradation on
the long-term (Llamas and Martinez-Santos 2005), particu-
larly in arid and semi-arid regions.

In water stressed regions, blending of public supply net-
work distributed water with pumped groundwater often
occurs instantaneously because of the prevalence of water
storage tanks at the building level. These tanks are considered
as local community-based adaptations to low public water
supply network water pressure and frequent cuts in service
(Celik and Muhammetoglu 2008). Thus residents are invari-
ably left uninformed of the true source of water reaching their
taps. The mixing of groundwater with the public water supply
network can introduce physio-chemical and biological con-
tamination (Tang et al. 2006). Moreover, it may change
people’s perception of the quality of the public supply water
network and affect their trust in water authorities.

Public perception of water quality is reportedly a key
factor that governs the use, willingness to pay, water con-
servation, pollution abatement, and trust in water utilities
(McDaniels et al. 1998; Means 2002; Doria 2010;
Rodriguez-Sanchez and Sarabia-Sanchez 2016). It tends to
be often worse than what is suggested by actual water quality
assessment (McDaniels et al. 1998; Lazo et al. 2000; Larson
et al. 2009). As such, failing to quantify and/or dismissing
public perception can be damaging towards the survival of
modern water providers and has been linked to the worrying
trend of consumers abandoning tap water in favor of bottled
water, and the inability of utilities to fulfill their central
mission of providing adequate supplies of acceptable-quality
at a reasonable cost (Means 2002; Barraqué 2003).

The development of water quality perceptions is a com-
plex process with many factors at play including organo-
leptic properties of the water, risk perception, socio-
economic factors, geographical context, gender, environ-
mental awareness, control over the water supply, previous
experience, consumption rates, trust in the water provider,
and/or media interchange (Smith et al. 1991; Syme and
Williams 1993; Jardine et al. 1999; Turgeon et al. 2004;
Doria et al. 2005, 2009; Dogaru et al. 2009; Doria 2010;
Saylor et al. 2011). Previous work on quantifying the con-
tribution of these factors towards the public’s constructed
perception has shown that while many of these pathways
appear to be common across countries, the relative impor-
tance of each is often case-specific (Wakefield et al. 2001;
Doria et al. 2009; Doria 2010). Brody et al. (2005) have also
observed that water quality perception may exhibit spatial
autocorrelation rendering general conclusions difficult at
times with significant knowledge gaps in our understanding
of how these factors interact to influence the public’s
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perceptions in developing countries, where intermittent
water supply may play an important confounding factor.
Besides eroding trust in governmental authorities, water
quality perception can change priorities, influence societal
practices, and hinder community decision-making regarding
water use (Canter et al. 1993; McDaniels et al. 1998; Pahl-
Wostl 2002; Turgeon et al. 2004; Doria et al. 2009; Saylor
et al. 2011). In this context, this study examines people’s
perception of the quality of their public water supply network
as well as their groundwater wells in a densely populated
coastal pilot urban area that suffers from chronic water
shortages, overexploitation of groundwater, unregulated
pumping, as well as accelerated saltwater intrusion. Public
perceptions are modeled as a function of salient socio-
economic factors as well as measured tap and well water
quality. Data for this study are based both on field survey
results and on a concurrent water quality monitoring program.
While several studies have attempted to correlate people’s
perception of their water sources to actual water quality
measurements(Turgeon et al. 2004; Dogaru et al. 2009;
Wedgworth et al. 2014), this work is the first to our knowledge
that attempts to directly assess the impact of saltwater intrusion
induced salinity on the public’s perception of their water
quality. The results should have wider implications to other
water-stressed coastal urban centers engaged in the over-
exploitation of groundwater aquifers. Moreover, this study,
along with others, can help provide an improved perspective
on the main factors that affect public perception of water
quality in an urban environment within a developing country.

Materials and Methods
Study Area

The study area, which covers municipal Beirut in Lebanon
(Fig. 1), is highly urbanized and densely populated. While the
area is generally well connected to the public water supply
network with acceptable quality (Ministry of Energy and
Water 2010; Nasr et al. 2012), the public network is relatively
old with much unaccounted for losses. The public water
supply network for the study area is primarily fed from spring
water (Jeita and Ain El-Delbeh) that is centrally treated and
distributed. Slightly brackish groundwater wells are often
used during the dry summer season to supplement dwindling
spring water supplies (Amery 2000; Ministry of Environment
2011). Population growth, rapid urbanization, and poor water
management have led to chronic water shortages (El-Fadel
et al. 2000; Bou-Zeid and El-Fadel 2002; Yamout and El-
Fadel 2005) that have forced water rationing with water dis-
tribution limited to 7-10h every other day (El-Fadel et al.
2003). Water delivered through the public water supply net-
work is particularly limited during the long dry season (June-
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Fig. 1 Study area with well
location (dots) and
administrative units of the city.
a shows the study area with
regards to the world, b shows
the study area in relation to the a
eastern Mediterranean area;

¢ shows the sampling locations
within Beirut
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October) because of declining spring discharge and increased
demand. The imbalance between supply and demand forced
the local population to rely on water tankers (El-Fadel et al.
2014; Constantine et al. 2017) and/or drill illegal private wells
that tap into a karstic aquifer with high permeability (Ministry
of Environment 2011). The dominance of karst along the
coastline of the pilot area increases groundwater vulnerability
to seawater intrusion (Margane and Steinel 2011). As a result,
the dependency of residents on groundwater extracted
through unregulated private wells increases during the sum-
mer dry period (Ministry of Environment 2011). Increased
pumping is expected to accelerate saltwater intrusion in the
dry season affecting its quality. It can therefore be assumed
that the tap water quality will be most affected by ground-
water during the dry summer months. Given the prevalence of

chronic shortages and the use of private wells, most con-
sumers become unaware of the source of the water supply at
their taps.

Household Surveys and Water Quality Analysis

The study area was divided into its 11 administrative zones
(Fig. 1) in an effort to capture its various segments with
respect to socio-economic differences, education, income,
building age, etc. A stratified sampling approach was
adopted to proportionally sample from each zone based on
population density. Random samples of digitized and geo-
referenced residential buildings were then selected from
each zone. Household units within a chosen residential
building were randomly selected. Buildings with no access
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to a private well and commercial buildings were excluded
from the study sample. In the event of a non-response,
rejection or inaccessibility, an adjacent building or house-
hold unit was selected. In total 310 buildings with private
wells were visited, out of which 177 agreed to take part in
the study.

Household surveys were administered through face-to-face
interviews, using a questionnaire with open- and close-ended
questions. The questionnaire targeted data and information
about people’s perception of water quality and the factors that
could explain such perceptions, including household demo-
graphics and socio-economic indicators (refer to supplemen-
tary material). Specifically, residents were asked to express
their satisfaction or dissatisfaction (yes/no) with the water
quality of the public water supply network and their well
groundwater. They were also asked to rate the water quality of
their public network using an ordinal scale (good/average/
bad). Satisfaction with water quality was assessed both in the
dry (summer) and wet (winter) seasons to discern potential
seasonal variations. Moreover, when dissatisfied, the reasons
behind their dissatisfaction were probed.

Previous sampling from the public water supply network
indicated that its quality complied with the World Health
Organization (WHO) standards and its salinity levels did not
exceed 200mg/L (Nasr et al. 2012). In this study, water
samples were collected from the tap of each household and
from the building wells. Direct sampling of the public net-
work water was not conducted because of immediate mixing
with the well water at the household storage tanks. Three
sampling campaigns were conducted to capture water
quality variation within the year: (1) at the end of the wet
(June 2013), (2) at the end of the dry (October 2013) season,
and (3) during the wet season (April 2014) following an
exceptionally dry year. Access to household taps and wells
decreased marginally over time, as a result of respondents’
survey fatigue. In total 372 groundwater samples (134 in
June 2013, 124 in October 2013, and 114 in April 2014) and
345 water samples from the tap (128 in June 2013, 109 in
October 2013, and 108 in April 2014) were collected. The
samples were analyzed for several physical (temperature,
conductivity and TDS), chemical (pH, Total Hardness (TH),
alkalinity, chlorides, nitrates, sulfates, bromides, sodium,
and potassium), and biological (total and fecal coliforms)
indicators at the Environmental Engineering Research Cen-
ter, American University of Beirut in accordance with
Standard Methods for the Examination of Water and Was-
tewater (APHA AWWA WEF 2012).

Data Analysis
Water sample analyses were compared with the WHO water

quality standards defined for domestic water uses (WHO
2011a). Seasonal changes in tap and well water quality were
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tested for statistical significance, using the repeated mea-
sures Analysis of Variance (ANOVA) test, given that the
same wells were sampled over time. The test accommodates
for within well and tap variability, while testing for inter-
sampling variability. Pairwise t-tests with Holms’s adjusted
p-values were conducted to identify differences of sig-
nificance between seasons. Additionally, statistical differ-
ences in sampled water quality were assessed as a function
of people’s perception using ANOVA. Water quality data
on TH, chlorides, and TDS were subject to log transfor-
mation to ensure data normality. The Friedman Rank Sum
Test, which represents the nonparametric equivalent of the
one-way ANOVA with repeated measures, was used to
analyze whether measured fecal and total coliform con-
centrations varied as a function of respondents’ perceptions.
The test accounts for built-in dependency in data, the pre-
sence of zeros, and right-censored data (too numerous to
count (coliforms >700)). When the null hypothesis for the
Friedman Rank Sum test was rejected, post-hoc compar-
isons were conducted to identify differences of significance
between seasons. Concurrently, data and information col-
lected using the household survey questionnaires were
synthesized and analyzed to shed light on residents’ per-
ception regarding water quality.

Modeling public perception of water quality has been
performed using a wide-range of statistical, quantitative, and
psychological techniques. Structural equation models were
developed to better understand and simulate water quality
perceptions in Portugal and the United Kingdom as they
relate to organoleptic and socio-economic contextual pre-
dictors and risk (Doria et al. 2005, 2009). In this context,
generalized linear models have been developed to quantify
the role that various salient factors had on changing the
satisfaction probability of the public with regards to water
quality (Turgeon et al. 2004; Dogaru et al. 2009; Doria et al.
2009; Wedgworth et al. 2014). Focus groups, survey
research, mental models, and psychometric analysis have
also been used to gain insight on the development of the
public’s perception (McDaniels et al. 1998; Doria et al. 2009;
Saylor et al. 2011).

In this study, a series of logistic regression models (Egs. 1
and 2) were developed to examine residents’ satisfaction
(Yes/No) with their public water supply network and well
water quality based on several variables, including actual
water quality, income, gender, age, educational level, geo-
graphic location (district), building age, frequency of water
delivery, and season. The TDS was chosen to act as a proxy
for groundwater salinization. TH and chlorides levels were
not included since they exhibited strong correlations with
TDS levels (0.86 and 0.98, respectively). Bacterial con-
tamination was accounted for in terms of a dummy variable
that differentiates between the presence/absence of FC con-
tamination in the samples. All statistical analysis was
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conducted using the statistical software R (R Core Team
2015).

logit(E[Y;|Xi]) = logit(p;) = ln< b ) = f =X, (1)

1 —pi

eﬂXi
P T

where Y; is a binary variable (Yes or No) that indicates
whether a respondent is satisfied or not with water quality,
p; is the probability of respondent i being satisfied with
water quality, X is a matrix of predictors, and f is a vector of
model coefficients. The use of logistic regressions to assess
people’s perception of their water quality is well established
in the literature (Turgeon et al. 2004; El-Zein et al. 2006;
Dogaru et al. 2009).

(2)

Results and Discussion
Field Surveys

The majority of surveyed residents (46%) had an “average”
perception of their well water quality; the rest were equally
split between perceiving it as “good” or “bad” (~27% for
each). Overall, the public water supply network water was
perceived to be of better quality than the well water (41.2%
of residents rated it as good and only 8.8% as bad). The two
main complaints reported by residents concerning their
public supply network water were the presence of an odor
other than that typically associated with chlorine followed
by the hardness of the water (Fig. 2). Selecting odor as a
primary reason for dissatisfaction with the water delivered
by the public network confirms that organoleptics are an
important factor for residents’ satisfaction, consistent with
other previous studies (McGuire 1995; Jardine et al. 1999;
Jones et al. 2007; Doria et al. 2009; Doria 2010; Massoud
et al. 2013; Rojas and Megerle 2013). Odor appeared to be a
secondary factor as compared to hardness and salinity levels
when it came to well water. The latter is known to cause a
change in the taste of water (WHO 2003). It should be noted
that reporting excessive hardness, salinity levels, as the
main sources of discontent with well water and odor as the
main source of dissatisfaction with the public water supply
network, is not unique to Beirut. Hardness and total dis-
solved solids along with lead and chlorine were some of the
most commonly cited chemicals responsible for public
dissatisfaction (Mahler et al. 1999; Owen et al. 1999; Doria
2010). Nevertheless, geographical and cultural factors are
known to modify this relationship. For instance, Lou et al.
(2007) found that in Taiwan people’s satisfaction with their
water tend to increase with hardness. Few reported the
presence of bacteria as a reason for their dissatisfaction,

although bacterial contamination was found to be wide-
spread in the collected tap and well samples. Wedgworth
et al. (2014) reached a similar conclusion when analyzing
perceptions in rural Alabama.

The water quality data showed that the majority of the
tap and well water samples were characterized as brackish,
highly brackish, or saline water (Table 1). Overall, the tap
water quality can be considered better than the well water
(Tables 1 and 2). While adverse health effects associated
with increased TDS levels in drinking and domestic water
are not well documented, the palatability of water is rated as
poor when TDS levels exceed 900 mg/L. (WHO 2003).
Similarly, a salty taste is noticeable when chloride levels
exceed 250 mg/L. (USEPA 2015). The vast majority of
samples exhibited concentrations above those guidelines
(Table 1). In addition, 98.7% of samples were categorized
as very hard, with levels consistently exceeding the
180 mg/L threshold (Briggs and Ficke 1977; McGowan
2000). Elevated hardness is known to cause scaling and
corrosion in water appliances and pipes (WHO 2011b).
Both tap and well water exhibited significant bacterial
contamination with more than 90% of the collected well
samples having TC across the three sampling rounds, while
FCs were recorded in ~20% of sampled wells. Samples
collected from the tap were also contaminated with TC
more than 83% of the time and with FC more than 17% of
the time.

The satisfaction with the public water supply network
and well water exhibited seasonal differences. More than
75% of households reported dissatisfaction with their well
water quality during the dry season in comparison to 70%
during the wet season. On the other hand, 60% of house-
holds who received public network water reported dis-
satisfaction with its water quality in the summer as
compared to 43% during the winter. Satisfaction levels with
the water distributed by the public network contrast sharply
with those determined in areas served by the same water
establishment but receiving enough water to avoid illegal
groundwater pumping. In those areas, satisfaction exceeded
70% (Nasr et al. 2012). Differences in tap and well water
quality were observed across the three sampling rounds
(Fig. 3). Statistically significant differences (p-value <0.05)
were found for TDS levels between the wet season in 2013
on one hand and the dry 2013 season and the 2014 wet
season on the other, both for tap and well water samples.
Chloride levels were statistically different across the three
sampling dates for both tap and well water samples. No
statistical differences were found for total hardness in the
groundwater samples across the three sampling rounds; yet
hardness in the tap water samples appeared to have
increased between the first sampling round and the latter
rounds. Bacterial contaminations statistically (Friedman'’s
test p-value <0.05) increased over the three sampling
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Fig. 2 Reported reasons for

dissatisfaction with water quality Other
a public water supply network Bacteria
and b well water during wet and

dry seasons Spots

Metallic Smell

B Winter © Summer

Other ® Winter © Summer
(a) Bacteria (b)
Spots

Metallic Smell

Odor Odor

Color Color

Hardness Hardness

Salty Salty
0 20 40 60 80 100 0 20 40 60 80 100

Percent (%) Percent (%)

Table 1 Measured salinity and
hardness concentrations in well
and tap water samples

Oct 2013 Jun 2013 Apr 2014  Oct 2013

Percent of tap water samples
exceeding threshold (%)

Jun 2013 Apr 2014

Percent of well water samples
exceeding threshold (%)

TDS (ppm)*

Drinking water (0-500)
Fresh water (501-1000)
Brackish water (1001-5000)
Highly Brackish (5001-15,000)
Saline water (15,001-30,000)
Total hardness (mg/L)b

Soft (0-60)

Moderately hard (61-120)
Hard (121-180)

Very hard (>180)

Chlorides (mg/L)°

No salty taste (<250)

Salty taste (2250)

8.1 15.0 0.8 0 0 0
20.5 33.1 14.6 17.2 33.1 7
46.4 36.1 50.76 383 43.2 47.2
19.6 12.0 23.84 344 18.7 324
5.4 3.8 10 10.1 5.0 13.4
0 0 0
0 3.8 0 0 0
0 0 2.3 0 0 0.07
100 100 93.9 100 100 99.3
20.5 36.7 30.3 14 31 27.5
89 63.3 69.7 86 69 72.5

# Bridge and Demicco (2008)

® World Health Organization (2011b)
© World Health Organization (2003)

rounds for TC and FC in well and tap samples; only FC
concentrations in the tap water collected between October
2013 and April 2014 were statistically similar.

Comparing the perception that residents had regarding
the quality of the public water supply network against the
actual tap water quality (represented by TDS, TH, chloride,
and bacterial levels) indicated that perceptions were statis-
tically independent of the actual water quality (repeated
measures ANOVA p-values >0.05). On the other hand,
respondents’ perceptions of the groundwater correlated well
with measured well water quality. Conditional on respon-
dents’ rating, statistically significant differences were dis-
cerned for hardness, chlorides, and TDS levels in well
samples across the three sampling rounds. During the wet
season, the highest median TDS, TH, and CI~

@ Springer

concentrations were found in well samples that were ranked
as “Poor” by respondents; the lowest median concentrations
were found in wells where respondents ranked the well
water as “Good” (Fig. 4). Similarly in the dry season, resi-
dents that rated their well water quality as “Good” tended to
have lower median levels of TDS, CI~, and TH than those
who ranked the well water as “Average”. Interestingly, no
resident who ranked the well water quality as “good”
complained about the quality of the public water supply
network. Similarly, only 19% of those who rated the well
water as “Poor” had a positive view of the quality of their
public water supply network. The results suggest that resi-
dents’ perceptions of the public water supply network are
affected by the inferior water quality from unregulated
wells. The concurrent consumption of groundwater from
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Table 2 Tap and well water

. . Season June 2013 October 2013 April 2014 WHO (2011b)
quality in the pilot area Threshold

Parameter Min Max Median Min Max Median Min  Max Median

Tap
TDS (ppm) 101 22,224 1280.5 102 25,221 1901 422 33,385 24135 600
Cl” (mg/L) 5 13,080 390 62 17,330 1105 7.8 19,750 1212.5 300
TH (mg/L as 87 8740 830 54 8010 830 90 9440 1008 -
CaCO;)
Total coliform 0 TNTC 30 0 TNTC 142 0 TNTC 178 0
(cfu/100 ml)
Fecal coliform 0 TNTC 0 0 TNTC 0 0 TNTC 0 0
(cfu/100 ml)

Well
TDS (ppm) 560 23,414 2331 533 31,553 3782 775 32,220 4615 600
CI” (mg/L) 100 13,080 617.5 100 17,670 2120 354 19,030 2655 300
TH (mg/L as 309 8740 1169 262 12,320 1150 131 9440 1340 -
CaCO;)
Total coliform 0 TNTC 75 0 TNTC 106 0 TNTC 194 0
(cfu/100 ml)
Fecal coliform 0 TNTC 0 0 TNTC 0 0 TNTC 0 0

(cfu/100 ml)
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Fig. 3 Tap (T) and Well (W) TDS levels T: a June 2013, b October

wells, which often is subpar in its quality, may promote the
formation of a persisting negative experience towards the
public water supply. Further details on the role that prior
experience plays in building perceptions can be found in
Doria (2010).

2013, ¢ April 2014, W: d June 2013, e October 2013, f April 2014

Factors Influencing Satisfaction with Water Quality
The satisfaction of residents with the water quality of their

public network proved to be independent of the measured
tap water quality, public water supply network delivery
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Fig. 4 Well water quality as a function of people’s perception of their well water Quality is assessed in terms of total dissolved solids (TDS), total
hardness (TH), chlorides (Cl). a Wet season (June 2013), b Dry season (October 2013), ¢ Wet season (April 2014)

rates, and salient socio-economic predictors. Oddly, the
only significant predictor of public water supply network
satisfaction was TDS levels of wells during the dry period.
The residents’ satisfaction with the quality of their public
supply network increased by 1.5 times when TDS levels in
wells decreased by ~6000 mg/L. No such relationship was
apparent during the wet season. The results highlight that
the respondents’ perception of the public water supply
network exhibits a poor correlation with the actual water
quality. This divergence is understandable, given that peo-
ple’s judgment is based on a complex mental construct that
account for risk perception, trust in the public
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establishment, socio-economic status, organoleptic indica-
tors, prior experiences, media, and contextual indicators
(McDaniels et al. 1998; Lazo et al. 2000; Larson et al. 2009;
Doria 2010). The perception towards the quality of the
public water supply network was found to be independent
of its actual water quality and was largely driven by mistrust
towards the local water establishment and the inability of
residents to differentiate between the public network water
and well water reaching the building tap. As a matter of
fact, frequent changes in the quality of the tap water
resulting from blending pumped brackish groundwater with
the intermittent public water is expected to play a role in
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reducing the acceptability of the public water. Syme and
Williams (1993) reported that the water quality acceptability
dropped as respondents experienced an increasing varia-
bility in the quality of their tap water. In contrast, people’s
satisfaction with the well water appears to be governed by
the actual water quality of the well as well as the age of the
respondent, the season, and the apartment ownership
(Table 3). The coefficient on TDS values was negative
(=0.97 for the dry season and —2.76 for wet season), sug-
gesting that respondents whose well water recorded higher
TDS values were more likely to be unsatisfied with the well
water quality. The coefficient associated with age proved to
be positive (0.05), indicating that older residents are more
likely to hold significantly better perceptions about the well
water quality in comparison to younger residents. Addi-
tionally, tenants tended to be more satisfied with the well
water quality as compared to landlords (Table 3).

On average the odds of an apartment owner, who is 20
years old and whose well water has a TDS of ~5200 ppm
(the average well TDS in the study area), being satisfied
with his/her water quality was only 2%. Older respondents
expressed a higher satisfaction as compared to their younger
counterparts. This association may reflect that younger
respondents tend to be more environmentally aware and
have higher expectations and a better appreciation of the
damages that salinity can have on infrastructure, home
appliances, hair/skin and clothing. Note that previous work
has been inconclusive with regards to the association
between age and public water quality perceptions and
environmental risks (Doria 2010). While several studies
reported on the important role that age plays in developing
public perceptions (Syme and Williams 1993; Gorden 2000;
Park et al. 2001; Parkin et al. 2001; Turgeon et al. 2004),
others reported no association (Dogaru et al. 2009). On
average the satisfaction odds ratio (OR) increased by a

factor of ~1.6 for each ten additional years in age. These
findings are consistent with those of Hu and Morton (2011),
when assessing water quality perception in the US Midwest.
Renters tended to have a higher satisfaction rate than
owners under the same conditions (Fig. 5). The renter’s
satisfaction odds ratio was 2.4 times higher than the odds of
an owner with a similar age and exposed to the same TDS
levels. This could reflect the minimal attachment that
tenants have towards their residence as well as their ability
to change residence at will. Additionally, owners and not
renters have to repair damages caused by high salinity.
Previous work in Portugal and the United Kingdom also
identified that house ownership had an influence on devel-
oping water quality perceptions (Doria et al. 2009).
Correlations between educational level, household
monthly spending, gender, monthly household income, and
the presence of advanced building level treatment (e.g.

Table 3 Logistic regression for perceptions of well water quality

Model results

Estimate SE p-value

Intercept -3.82 0.66 <0.05
TDS dry* -0.97 0.45 <0.05
TDS wet* -2.76 0.58 <0.05
Age of respondent” 0.05 0.01 <0.05
Occupants: Tenants 0.86 0.43 <0.05
Model fit:

McFadden pseudo R? 0.48

Cragg and Uhler’s pseudo R? 0.68

Maximum likelihood pseudo R? 0.57

2 TDS values were scaled by the mean and the standard deviation of
measured TDS values

° Respondent age were centered around 20 years

Fig. 5 Predicted probabilities of © )
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softeners, reverse osmosis, and ozonation) on one hand and
the respondents’ perception of well and public water quality
on the other were tested. These salient socio-economic and
contextual indicators proved to be statistically not sig-
nificant in predicting respondents’ perceptions. Previous
work was inconclusive with regards to the influence of these
factors on public perception. The increase in income has
often been linked to higher environmental concerns (Hudon
et al. 1991; Turgeon et al. 2004), although Dogaru et al.
(2009) witnessed the opposite when assessing perception in
a mining community in Romania and Syme and Williams
(1993) reported inconclusive results in Australia. Similarly,
education has been cited to be an important factor influen-
cing environmental perceptions (Kraus et al. 1992; Dogaru
et al. 2009); nevertheless Johnson (2003) found that the
effect of education on tap water risk perception was insig-
nificant while Turgeon et al. (2004) found that the effect of
education was geographically variable. Overall the role that
gender plays towards influencing perceptions has been
reported to be weak (Doria 2010). Some studies have found
it to be a significant factor (David 1971; Anadu and Harding
2000; Finucane et al. 2000; Griffin and Dunwoody 2000;
Saylor et al. 2011), while others have failed to observe its
importance (Griffin et al. 1998; Johnson 2003; Dogaru et al.
2009).

The effect of salinity on water quality perception was
strong. A drop of ~1000 ppm in TDS increased the odds of
a resident finding the water to be acceptable by nearly 17%
in the dry season and by 57% during the wet season.
Moreover, residents with TDS levels of ~500 ppm tended to
be 2.1 and 8.5 times more satisfied with the water in the dry
and wet seasons respectively, as compared to residents with
TDS levels set to the overall average TDS value in the study
area (~5200 ppm) (Fig. 5). The stronger impact that TDS
levels has on satisfaction in the wet season as compared to
the dry season may probably be due to the confounding
effect that water scarcity has on satisfaction levels in the hot
dry summer months. The fact that TDS proved to be a
significant predictor of people’s perception of their
groundwater quality, while bacterial contamination did not
is largely attributed to the fact that the former affects the
flavor of the water (organoleptic) while the latter does not.

Concluding Remarks

In this study, we argued how poor water management in a
coastal urban area facing water shortages and diminishing
sustainable freshwater resources can exacerbate the latter by
over-pumping and inducing further saltwater intrusion,
underlining the limited resilience of coastal aquifers. The
majority of the groundwater samples had TDS, total hard-
ness, and chloride levels as high as 15 folds the
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recommended standards with high incidence of bacterial
contamination, particularly total coliforms. The water
satisfaction models highlight the main physio-chemical and
socio-economic factors that play a critical role in shaping
residents’ perceptions towards the water quality. While a
strong correlation between people’s perception and
groundwater quality is evident, the perception of the public
water supply network proved to be independent of the
measured quality of the network and the tap water. In fact,
groundwater salinity levels were a major factor affecting
people’s satisfaction with the water quality of the public
water supply network in the dry season. This mismatch
between the actual network water quality, which can be
objectively quantified with scientific indicators, and indi-
viduals’ perceptions is largely driven by the difficulty to
recognize the true source of water running in their taps.
Pumping at will and the instantaneous mixing of ground-
water with the incoming network water in building storage
tanks conceals the quality of the latter and negatively affects
people’s perception of it. Moreover, the importance of prior
experiences on developing perceptions can play an impor-
tant role in explaining this disparity (Pickens 2005; Doria
2010). The consumption of tap water dominated with
unregulated groundwater pumping, high in TDS and often
polluted, when the public network water is in short supply
influences people’s perception of the network water. As
such, satisfaction with network water doubled in the wet
season, when the rates of groundwater pumping drop.
Interestingly, our findings showed that respondents tended
to still report a higher satisfaction with regards to the quality
of their public water supply as compared to their well water.
This might at first appear to contradict the paradigm that
states that water quality perceptions tend to improve as the
users’ control over their water sources strengthens (Doria
2010); yet one can argue that the saltwater intrusion in the
study area appears to erode the importance of this factor.
While our respondents do have control over their well
operations, their overall control over the salinization of the
aquifer is minimal.

Failing to account for the perspectives that respondents
have formed with regards to the quality of their public water
supply can possibly stimulate increased reliance on the
unregulated groundwater wells. Moreover, if the public
believes that the quality of the public water supply is similar
to the saline well water, subscription rates may also drop.
Alarmingly, the survey showed that up to 5% of respon-
dents have already taken steps to abandon the public water
provider by investing in small-scale reverse osmosis desa-
lination units to treat their brackish groundwater. Unfortu-
nately, negative public perceptions developed on water
quality have been shown to have a tendency to persist over
time (McDaniels et al. 1998). As such, it is imperative that
the water establishment works on increasing public
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awareness by providing them with information on the
quality of distributed water and the dangers of mixing it
with groundwater from unregulated wells. For this purpose,
a media campaign coupled with a water quality monitoring
plan that samples at various junctions along the network
beyond the central treatment plant is a priority. Such a
campaign ensures that water quality data are made available
to the public on a regular basis. Providing information to
residents has been shown to improve trust towards the water
provider and change public perceptions (Doria 2010).
Changes in perceptions can also be beneficial towards
increasing people’s propensity to engage in water con-
servation activities and support expenditure in new water
projects (McDaniels et al. 1998). Given the mega-projects
that the water establishments in Lebanon are embarking on
over the next 10 years, it is more important than ever to
initiate this process promptly. It is also hoped that the water
establishment heeds the negative role that TDS has on the
public’s perception of their water quality. As such, it’s
increasing reliance on brackish groundwater well to sup-
plement dwindling spring water supplies in the dry season
has to cease if it aims to win back its customers.

Organizing public awareness campaigns, informing the
public about the water quality of the public water network,
and improving existing infrastructure are all essential dri-
vers towards realigning people’s perceptions with the actual
water quality (Canter et al. 1993; Jones et al. 2007; Saylor
et al. 2011); yet under the current conditions such measures
will fall short unless unregulated groundwater pumping is
controlled. For this to happen, while additional sources of
water (conventional and non-conventional) can bridge the
demand-supply gap, it is critical to promote demand-based
management measures such as tariff restructuring that
reflects water use instead of the existing flat-rate.

Given that future scenarios for many coastal urban areas
foresee socioeconomic and climatic changes that will
aggravate existing situations and jeopardize the adaptation
capacities that societies have evolved over time
(Vorosmarty et al. 2000; McGranahan et al. 2007; McDo-
nald et al. 2011; UNESCO 2012), water establishments will
increasingly face mounting challenges of finding solutions
to improve water quality, educate the public, and reduce
water shortages. Providing a robust communication channel
between institutions and the public coupled with increasing
awareness are imperative towards improving water man-
agement (Jones et al. 2007; Hu and Morton 2011; Saylor
et al. 2011).

Our analysis was limited by three main factors that
include a low emphasis on quantifying the contextual set-
ting of respondents at the household, building, and neigh-
borhood level; the inability to directly sample the quality of
the public water at the respondents due to the instantaneous
mixing with groundwater, and failing to account for the risk

perceptions and characterize the utility functions of the
respondents. Future work should address these issues to
gain a better understanding of these important factors.
Moreover, future work should also monitor the evolution of
public perception as new water sources are added to aug-
ment resources.
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